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Summary
 Thin film transistors (TFTs) using 
solution-processed metal-oxides as 
active material;
 Applications on active-matrix displays 
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(AMD);
 Current demand on AMDs;
 Conclusions and Perspectives;
3
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Topics of interest
Electronic transport in Organic Semiconductors
 Sandwich structures: OLEDs and OPVs;
 Planar structures: OFETs and biosensors;
 a.c. and d.c. electrical characterization (impedance 
spectroscopy, IxV, electroluminescence, electroabsorption, 
etc.);
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Thin-film transistors comprising solution-processed 
amorphous metal oxides (AMOs):
 Transparent devices for applications on active-matrix 
displays;
 Solution-processed. Precursor route. Nanoparticles;
 Electrical transport properties on AMOs;
Motivation: Transparent active-matrix display
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• Requirements for flexible transparent 
displays:
• High transmittance of the materials in 
the visible spectrum range (for the 
materials that composes the pixel and 
Motivation: Transparent active-matrix display
7
the drive circuit);
• Compactibility with flexible substrates 
(low-temperature deposition);
• Coverage of large areas, low-cost and 
processability;
Semiconductor tipo p
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Thin-film Transistors (TFTs)
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LCI µ Shockley equation for a TFT
ID: corrente no dreno (canal)
Substituindo e integrando em x :
FETs: Modo de Operação e Princípios Básicos
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VG: Tensão no gate
VDS: Tensão dreno-fonte
W: largura do canal
L: comprimento do canal
Ci: Capacitância por unidade de área do dielétrico
µ: mobilidade dos portadores no canal
)(0 TGDS VVV −≤≤Válida para: Até o “joelho” da curva de saída
Transistores de Efeito de campo (FETs)
Parâmetros importantes obtidos a partir das curvas de 
saída e de transferência:
 Fator de modulação de corrente (relação on/off);
 Tensão de inversão (Threshold voltage);
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 Mobilidade dos portadores majoritários;
 Off current (leakage + intrinsic conduction); 
TFTs in active-matrix display circuits
12
TFTs em circuitos de matriz ativa
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TFTs em circuitos de matriz ativa
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TFTs in active-matrix display circuits
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TFTs in active-matrix display circuits
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TFTs in active-matrix display circuits
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• Current demand:
• high mobility (higher scan rates);
• transparency;
TFTs in active-matrix display circuits
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• flexibility;
• low production cost;
• large areas;
Production of AM-displays
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Capacidade de produção de AM-displays
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Production of AM-displays
21
Production of AM-displays
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Demand for higher mobilities
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Comparison among different technologies
• Low-temperature polycrystalline silicon (LTPS):
• Liquid-phase chemical vapour deposition (LPCVD), plasma-enhanced chemical
vapour deposition (PECVD), or solid-phase crystallization (SPC). Temperatures
usually higher than 500oC; High mobility; Non-uniform films; Not suitable for large
areas;
• Amorphous Metal-Oxide semiconductors (AMOS):
• Deposited by RF-sputtering, pulsed-laser deposition (PLD) or solution processed
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organic precursor pyrolysis; Suitable for large areas; Suitable for transparent
applications; Suitable for flexible applications;
• Amorphous Silicon (a-Si):
• Deposited by Chemical-vapour deposition (CVD), Physical-vapour deposition
(PVD); Suitable for flexible applications;
• Organic Semiconductors (OS):
• Deposited by spin-coating, physical vapour deposition, ink-jet printing; Suitable
for flexible applications;
Comparison among different technologies
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Amorphous metal-oxide TFTs
• Why using AMO TFTs ?
• Advantages:
• Low-cost and easy processing;
• higher mobilities (1-20cm2.V.-1s-1) compared to a-Si and more uniform films than
poly-Si;
• Highly transparent in the whole visible spectrum;
26
• Can be solution-processed (spin-coating, dip-coating, ink-jet printing, spray
deposition);
• Disadvantages :
• Processing temperatures are still relatively high (~350oC) to enable flexible
substrate deposition.
Transistores de Óxidos metálicos amorfos (AMOs)
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Amorphous metal-oxide TFTs
28
-30 -20 -10 0 10 20 30 40
10-10
10-9
10-8
10-7
10-6 IZO 1:1 ZnO
I
d
s
 
(
A
)
Vg (V)
Solution-processed AMO-TFTs
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Solution-processed AMO-TFTs
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Solution-processed AMO-TFTs
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Conclusions and Perspectives
• Solution-processed AMOs can achieve high enough mobilities
for application in drive circuits of high-resolution active-matrix
displays;
• There are still lots of open questions concerning device stability
and the role of oxygen on the electrical properties of TFTs active
32
layers;
• Morphology and growth dynamic can affect the device
performance. Better control of deposition parameters;
• Processing temperature has to be lowered to enable flexible
applications;
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Thank you for your attention!
